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ABSTRACT: 

PURPOSE: To effectively utilize the low loss property and economical efficiency 
of an optical fiber and to economically measure a magnetic field over a wide 
range with high sensitivity, by obtaining DC or AC magnetic field intensity 
data at a plurality of the points on the optical fiber with high sensitivity by 
utilizing Lorentz force. 

CONSTITUTION: AC currents are allowed to flow to the coating of a metal coated 
fiber from AC current sources 8, 9, 10 and the fiber is distorted in an 
alternating manner by the Lorentz forces acting between a magnetic field and 
the currents and the interference output generated by this AC strain is 
detected by a light detector 12 or 13 and a weak magnetic field is detected by 
utilizing that AC amplitude reflects the intensity of a magnetic field. In 
order to prevent that the fundamental frequencies or higher harmonics 
frequencies of respective mechanical resonance are not superposed each other, 
one of or both of the respective support intervals of support tensions are set 
to a condition different from other condition. 
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Claims 

1 . A magnetic field distribution sensor characterized by the following facts: the 
constitution is as follows: at least a portion of the signal optical path of a two-beam 
enterferometer that is exposed to the DC or AC magnetic field to be measured is made of a 
metal-clad fiber; at multiple different portions on the optical path made of the metal-clad fiber, a 
site is set with two points in the longitudinal direction restrained such that the middle portion can 
vibrate; AC currents at different frequencies are injected into the metal covering of the portions 
with two sides restrained, and, at the same time, a frequency discriminating device is used to. 
detect the components corresponding to the aforementioned AC frequencies, respectively; in this 
constitution, the physical characteristics of the metal-clad fiber in the portions with two sides 



restrained that allow vibrations are selected such that the fundamental frequencies of their 
mechanical resonance are in agreement with the AC frequencies injected into the metal clad, 
respectively, and the fundamental frequencies and their high-frequency frequencies [sic, and 
their harmonics] are not equal to each other. 

2. The magnetic field distribution sensor described in Claim 1 characterized by the fact 
that the metal-clad fiber of the portion with two points restrained to allow vibration between 
them has a straight linear shape, and the physical characteristics requirement is met by selecting 
the appropriate distance between said two restrained points or the tension between them. 

3. The magnetic field distribution sensor described in Claim 1 characterized by the fact 
that the metal-clad fiber of the portion with two points restrained to allow vibration between 
them has a curve or spiral shape, and the shape is maintained by means of the flexural rigidity of 
the metal-clad fiber itself. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a magnetic field distribution sensor. More specifically, this 
invention pertains to a magnetic field distribution sensor that makes use of an optical fiber. 

Prior art 

Conventional enterferometer type magnetic field detecting devices using optical fibers 
include magnetostrictive type Faraday effect type. However, all of these types can obtain the 
information of the magnetic field only at a single point. As far as the method for measurement of 
distribution of magnetic field is concerned, there is an example of ORDR (Optical Time Domain 
Reflection) described in J. N. Loss, et al.: Electron. Lett., 17, p. 597, 1981. In this example, the 
Faraday effect of a fiber is used only to measure the AC magnetic field. Also, the measurement 
sensitivity is very low. 

Consequently, there is yet no magnetic field distribution detecting device that can detect 
the information of distribution of the weak magnetic field distributed in a wide range of space 
using a single enterferometer at a high sensitivity. 

Problems to be solved by the invention 

The purpose of this invention is to solve the aforementioned problems of the 
conventional methods by providing a novel measurement means of the information of the 
magnetic field distribution characterized by the following facts: AC current is made to flow in 
the covering of a fiber clad with a metal (hereinafter referred to as metal-clad fiber), and an AC 
distortion takes place in the fiber due to the Lorentz force acting between the magnetic field and 
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the current; from the amplitude of variation in the AC intensity of the interference output 
generated due to the AC distortion, the weak DC or AC magnetic field is detected; based on this 
constitution, it can detect the information of distribution of the magnetic field distributed in a 
wide range of space with a single enterferometer at a high sensitivity. 

. Means for solving the problems 

According to this invention, the aforementioned purpose can be realized using the means 
described in the aforementioned claims of the patent application. 

That is, this invention has its novelty in the following two features: first, the Lorentz 
force of the magnetic field acting on the current is used in detecting the magnetic field; jecond, it 
is possible to obtain information of the magnetic field intensity at plural points in a dynamic 
manner. 

First of all, let's look at the principle of using the Lorentz force in detecting the magnetic 

field. 

The force f (N/m) acting by an orthogonal magnetic field on a current in the metal clad of 
a fiber is as follows: 
£=BI 

Where, B is the magnetic flux density (T), and I is the current (A). 

Variations in the phase of the light propagating in the fiber with said distortion is detected 
by the interference method. In this case, when an AC current is applied on the clad, an AC output 
having an amplitude that reflects the magnetic field intensity can be obtained. 

In particular, for the general type interference fiber sensor, DC measurement is difficult 
due to the low-frequency temperature drift phenomenon. Consequently, in the prior art of 
measurement of DC magnetic field, the nonlinearity of the magnetostrictive material is used, and 
other efforts are made. This problem is also solved in this invention. 

In addition, in order to obtain information of magnetic field intensity at plural points at 
the same time, the AC frequencies of the carrier waves applied on the clad at various 
measurement points are different from each other. That is, a frequency multiplexing scheme is 
adopted so that frequency discrimination can be performed to get the desired information at 
plural points at the same time. 

In the prior art, there is no measurement means that can detect information of distribution 
of the magnetic field distributed in a wide range of space with a single enterferometer at a high 
sensitivity. 



Application Examples 

Figure 1 is a diagram illustrating an application example of this invention. (1) represents 
a light source; (2) represents a coupler; (3) represents a metal-clad fiber; (4) represents the first 
magnetic field sensing unit, (4-1) and (4-2) represent supporting points; (5) represents the second 
magnetic field sensing unit; (5-1) and (5-2) represent supporting points; (6) represents the third 
magnetic field sensing unit; (6-1) and (6-2) represent supporting points; (7) represents a 
reference light source; (8) represents an AC current source at frequency fl ; (9) represents an AC 
current source at frequency f2; (10) represents an AC current source at frequency £3; 
(1 1-1)-(1 1-3) represent DC or AC magnetic field distributions; (12) and (13) represent light 
receivers; (14) represents a compensator; (15) represents a phase controller; (16) represents a 
frequency discriminating device; and (17) represents a display unit. 

In the following, let's look at the operation of this application example. As an application 
example of the two-beam enterferometer, a Mach-Zehnder enterferometer is used in this 
application example. 

As magnetic field sensing units (4), (5), (6), a fiber clad with nickel or aluminum is used. 
Three portions of the fiber are linearly supported at two ends with supporting points (4-1) and 
(4-2), (5-1) and (5-2), and (6-l)and (6-2), respectively. They are exposed to DC magnetic fields 
(1 1-1 )-(l 1-3) as the objects of measurement. AC currents generated by AC current sources (8), 
(9), (10) are made to flow through the clad portions of the metal-clad fiber and, by means of the 
Lorentz force of the magnetic field acting on the current, AC distortion takes place in the fiber. 
The interference output generated due to the AC distortion is detected with light receiver (12) or . 
(13). The fact that the AC amplitude reflects the magnetic field intensity is used to detect the 
weak magnetic field. 

The fundamental frequencies of the mechanical resonance of the fiber in these portions 
supported in a straight linear manner are fl, £2, and f3, for which the fundamental frequencies 
and their harmonics are not equal to each other. In order to ensure that these fundamental 
frequencies of mechanical resonance and their harmonics are not equal to each other, it is 
necessary to select different supporting spacings and/or supporting tensions for these portions. 

For the metal clad of the fiber of said linearly supported portions (4), (5), (6), AC 
currents at frequencies fl, f2, £3 are injected. On the other hand, output (12) or (13) of said 
Mach-Zehnder enterferometer is fed into frequency discriminating device (16), arid the 
magnitudes of the frequency components corresponding to said frequencies fl, f2, f3 are 
detected, respectively. 

The drift of the output signal in time caused by the spatial temperature distribution of the 
measurement environment is removed by means of compensator (14) and phase controller (15). 
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By means of this compensating system, it is possible to maintain the condition under which the 
drift is suppressed to a few Hz or smaller and the measurement sensitivity becomes maximum. 

Figure 2 is a diagram illustrating the measurement results of the DC magnetic field 
carried out for this constitution (at a sensing portion). 

As can be seen in this figure, it is possible to perform measurement with a sensitivity as 
high as about 1/100 of the earth magnetic field. 

Also, when the AC amplitude detected by light receiver (12) or (13) varies over time, it 
can be detected sufficiently if variation of the AC amplitude over time is sufficiently slower than 
mechanical resonance frequencies fl, £2, f3 of the fiber for the sensing portions. 

In the measurement of the DC magnetic field with the characteristics shown in Figure 2, 
the supporting spacing of the fiber of the sensing portion is about 115 mm, and the mechanical 
resonant frequency of the fiber of this portion is about 170 Hz. Consequently, in this case, 
measurement can be well made up to a precision of about 100 Hz. 

In this way, by selecting the supporting spacing and/or the supporting tension of the 
sensing fiber appropriately, it is possible to measure the AC magnetic field. 

In this application example, the metal-clad fiber restrained to enable vibration has a 
straight linear shape. However, the shape is not limited to the straight linear shape. Any other 
shape may be adopted, too. For example, the curved shape or spiral shape may be adopted. In 
such case, the shape is maintained by means of the flexural rigidity of the metal fiber itself 
without applying a tension on it. 

Also, as another application example of the two-beam enterferometer, Michelson- 
enterferometer and the enterferometer that makes use of the interference between orthogonal 
polarized waves using an optical fiber that supports polarized waves may also be used. 

For the Michelson enterferometer, the same sensitivity as that of the Mach-Zehnder 
enterferometer used in the application example shown in Figure 1 may be used. For the 
enterferometer that makes use of the interference between orthogonal polarized waves using an 
optical fiber that supports polarized waves, the structure is simple because a single optical fiber 
may be used. This is an advantage. However, the measurement sensitivity is usually low in this 
case. 

Effects of the invention 

As explained above, for the magnetic field distribution sensor of this invention, the 
Lorentz force of the magnetic field acting on the current is used to determine with at a high 
sensitivity the information of the DC or AC magnetic field intensity on the optical fiber. 
Consequently, the advantages of low loss and low cost of optical fiber can be realized 
effectively, and it is possible to measure the magnetic field in a wide range of tens of km at a 



high sensitivity and a low cost. For example, it can be used in detecting the site of laying of 
submarine cables, detection of sea bottom resources, measurement of the earth magnetic field 
distribution, detection of underground minerals, etc. 

Also, by means of the fine size of the fiber, it is possible to measure the DC or AC 
magnetic field distribution in a narrow space in a simple constitution. The application range of 
this invention is very wide. 

Brief description of figures 

Figure 1 is a diagram illustrating an application example of this invention. Figure 2 is a 
diagram illustrating an example of the measurement results. 



1 Light source 

2 Coupler 

3 Metal-clad fiber 

4 First magnetic field sensing unit 

4- 1 , 4-2 Supporting points 

5 Second magnetic field sensing unit 

5- 1 , 5-2 Supporting points 

6 Third magnetic field sensing unit 

6- 1 , 6-2 Supporting points 

7 Reference optical path 

8 AC current source with frequency fl 

9 AC current source with frequency fl 

1 0 AC current source with frequency B 
1 1-1 to 1 1-3 DC or AC magnetic field distribution 
12,13 Light receiver 

14 Compensator 

15 Phase controller 

1 6 Frequency discriminating device 

17 Display unit 
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Figure 1 




Figure 2 



Key: 1 Interference output 

2 DC magnetic field intensity 

3 Length of sensor 

4 Amplitude of AC current 



